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Indian Standard
CODE OF PRACTICE FOR STRUCTURAL DESIGN OF SURGE TANKS
0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institution on 4 May 1974, after the draft finalized by the Water Conductor Systems Sectional Committee had been approved by the Civil Engineering Division Council. 0.2 The function of a surge tank is to limit the propagation of waterhammer waves generated as a result of changes in load in a hydropower Structurally the surge tank consists essentially of a generating complex. large diameter tank, normally provided underground ( Fig. 1 ). DJferent approaches for the structural design of underground surge tanks have been covered in this. standard. 0.3 For the purpose of deciding whether a particular requirement Of this standard is complied with, the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS : 2-1960'. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.

i. SCOPE
1.1 This standard covers the structural design of underground surge tanks. 1.2 The provisions concrete lining. 2. TERMINOLOGY 2.1 For the purpose of this standard, the definitions given in IS : 4410 ( Part X )-1969t_ and IS : 7396 ( Part I )-1974$ shall apply.
*Rules for rounding off numerical values ( ret&d). tGlossary of terms relating to river valley projects: Part X Civil works of hydra-electric generation system including water conductor system. $Criteria for hydraulic design of surge tanks: Part I Simple, restricted, orifice and differential rurge tanks.

in this standard

do not cover design of prestre5sed
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SECTION

XX
SURQE TANK

FIG. 1

IDEALIZED
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3. NOTATIONS 3.1 For the purpose of this standard the following notations shall have the meaning indicated against each: A rt = Hoop reinforcement in ems per cm length of surge tank 12= Internal radius of shaft ( cm ) b = External radius of shaft ( cm ) & = Modulus of elasticity of concrete E R = Modulus of elasticity of rock P = P o-P, = P, = 9c = Design pressure ( kgf/cm* ) External pressure ( kgf/cm2 ) Total internal pressure ( kgf/cm* ) Internal pressure taken up by the rock ( kgf/cm* ) Permissible compressive stress in concrete ( kgf/cm* )

Q,t = Permissible stress in steel ( kg&/cm2) Qt = Permissible tensile stress in concrete ( kgf/cms ) P, = Poisson's ratio of concrete WR = Poisson's ratio of rock M c = vJ% M, = l/lrR 4. TYPES OF LINING 4.0 The different types of lining which are used in surge tanks and design considerations for each -type of lining are outlined in 4.1 to 4.5. 4.1 Pneumatically Applied LiningThis type of lining generally consists of cement-sand mortar pneumatically shot against the rock surface with or without reinforcement mesh. This is recommended where the type of rock is sound and its joint pattern including dip, strike and shears, if any, are such that slips are not anticipated due to saturation of surrounding rocks and also when side rock cover equal to at least twice the -maximum design head, subject to a minimum of 15 m, is available. 4.1.1 An average thickness of 10 cm should be adopted for pneumatically applied concrete lining. Wherever rock pattern is such as to give f%llouts into the shaft, a suitable wire mesh of prefabricated fabric conforming to IS : 1566-1967' may be used. The mesh shall be tied to mild steel bars of at least 25 mm diameter anchored at least 1 metre into the rock. The *Specification for hard-drawn
steel wire fabric for concrete reinforcement.
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reinforcement shall be covered by 2.5 cm of pneumatically shot concrete. Reinforcing mesh and guniting should follow the rock contour as far as possible by suitably adjusting centre-to-centre distance of the anchors; 4.2 Cement Concrete Lining - Plain concrete may be used only when hard self-supporting rock, but not as good as in 4.1 nor the cover so adequate as required in 4.1, are available. 4.3 Reinforced Concrete Lining - This type of lining shall be adopted in rock of inadequate strength and stability. The design criteria shall be based on the considerations given in 9.2 and 9.3. 4.4 Steel Lining - Where the surrounding rock is not good or there are several openings of various sizes and shapes piercing the periphery of the surge shaft lining thus introducing concentrations of stresses around such openings, there are chances of even reinforced concrete lining cracking due to concentration of stresses and providing chances for sizable seepage of water into the hill mass around. In such cases, specially if the dips and strikes are unfavourable including soft material along such strikes thereby inducing slides of hill mass, steel lining shall be provided. ( Such steel lining can be either at inner skin surface or sandwiched. ) 4.4.1 In cases where velocity of flow is too high and there are chances of excessive turbulence and probable cavitation, provision of steel lining of suitable thickness to the exposed surface suitably anchored into the concrete mass against differential pressure has some advantages. 4.5 Sandwiched Steel Lining - Provision of a steel liner on the inner surface becomes costly due to provisions required for anchoring it to withstand differential internal pressure and where prevention of leakage through probable cracks in plain and reinforced cement concrete is apprehended, sandwiched steel plate lining ( see Fig. 2 ) ( within the otherwise required thickness of concrete ) is economical and advantageous. The minimum thickness of concrete between the sandwiched steel plate and the minimum excavation line should be 15 cm. The concrete lining in front of the sandwiched steel plate shall. be either reinforced or plain, the thickness being adequate to withstand external water pressure at the plate surface. Similar sandwiched steel lining may also be provided around openings where water-tightness is considered necessary. The thickness of the steel plate in sandwiched lining shall not be less than 12 mm. 5. DATA
REQUIRED

5.1 The foilowing data are needed for structural

design of surge tank:

a) Exploratory 3-D geological logs of the site for analysis of physical conditions and geomechanical properities of rock discontinuity for geotechnical and engineering evaluation, 1)) Side rock cover ( contour plans ), 6
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4

In situ value-of modulus of elasticity of the rock and horizontal and vertical in situ stresses at different representative depths and data on dilation of rock am! development of loads by instrumentation, Water table and/or spring seepage,

4

e) Groutability of rock encountered at different depths, and f > Data required for evaluation of design loads as enumerated in 6.
I-4
I INTERNAL DIAMETER

REINFORCEMENT

L
FIG.

2

SANDWICHED STEEL LINER FOR SURGE SHAFT

6. DESIGN

LOADS

6.0 The concrete

Iining of the underground surge tank shall be designed to withstand the loads as given in 6.1 to 6.7.
Water Pressnre-

6.1 Internal surge tank.

Maximum

dynamic water level in the

6.2 External Water Pressure - Design should be safe against external water pressure in the tank empty condition. External water pressure shall 7

IS : 7357 - 1974 be either the existing water table or the saturation level in~rock around the surge tank corresponding to maximum static water level in the tank whichever is higher. Contact grouting ( to fill the gaps 6.3 External Grout Pressnrebetween rock and lining ) is mandatory. Consolidation grouting of rock around the lining depends on the nature of the rock specially its behaviour during excavation and no two cases are alike. 6.4 External Rock Pressure - The lining is not generally designed to take any appreciable external rock load. However, some rock loads may develop in the lining due to water seepage into the rock during actual operations. Normally lining safe against external water or grout pressure is found to be able to withstand these loads. 63 Seismic Stress - In underground surge tanks, seismic factors are of no practical importance when lining is in contact with rock and may not be considered in design. Elements not in contact with rock and those in overburden should be checked against seismic forces. 6.6 Dead LoadsDead loads shall be calculated weight in accordance with IS : 191 l-1967*. on the basis of unit

6.7 Live Loads -There are usually no live loads to be considered. However, if there be any, these shall be taken into account depending on the nature of the live load concerned. 7. STRESSES 7.1 Stresses in Reinforcement - Maximum permissible tensile stress, direct tension and bond stresses for reinforcement bars shall be as given in IS: 456-1964t. Permissible stress in steel shall not normally exceed the value specihed in IS : 456-1964t. However, for emergency zonditions as specified in Appendix A of IS : 4880 ( Part V )-1972$ the stresses specifiedin IS : 456-1964t can be exceeded up to a limit of 33.3 percent. 7.2 Stresses in Concrete - The permissible of concrete shall be as given in IS : 456-1964t. stresses for various grades

7.3 Shrinkage and Temperature Effect - Shrinkage and gap between rock and concrete cause tensile stresses in lining. Variation in temperature of flowing water will cause periodic tensile and compressive stresses
*Schedule of unit weights of building materials (&I tCode of practice for plain and reinforced concrete $Code of practice for design of tunnels conveying concrete lining in soft strata and soils. re&ion). ( secondrcuist'on ). water: Part V Structural desigo of

8
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in lining. In order to reduce this effect, an allowance be made for a suitable temperature variation limited 15% in concrete. 8. MATERIALS for shrinkage shall to a maximum of

8.0 The materials used for concrete shall generally conform to the relevant Indian Standards, as given in 8.1 to 8.3. 8.1 Cement - The cement used shall be ordinary Portland cement conGenerally the use of low heat cement is not forming to TS : 269-1967*. found essential. ~8.2 Aggregates -All aggregates shall conform to IS : 383-1970t.

8.3 Reinforcement - All steel bars used for reinforcement shall conform to IS : 432 ( Part I )-1966 $, IS : 432 ( Part II )-19665, IS : 1139-196611 or IS : 1786-19661. 9. STRUCTURAL DESIGN

9.0 The general principles of design of underground surge tanks currespond to those adopted for vertical pressure shafts. The magnitude of the Internal and external horizontal pressure depends on the rock cover and Thiciness of lining shall be designed on the basis of quality of rock. Lame's thick cylinder theory. Hydrostatic forces act on all three directions for various openings and the analysis of the three-dimensional nonsymmetric condition is complicated for routine design. Therefore, in exceptional cases, depending upon the geology of the surrounding strata and the number and geometry of openings, three-dimensional photo-elastic tests and mathematical analysis should be correlated to the extent that the structure is safe. In other important cases it would be desirable to provide steel lining.
9.1 Supporting Action of Rock - Reinforced pressure to the surrounding rock under ideal
wvision ).

concrete condition

lining transmits of no void and

*Specification for ordinary, rapid-hardening and low heat Portland cement (second tSpecification for coarse and fine aggregates from natural sources for concrete ( second

revision ) . r&on~.

$Spccification for mild steel and medium tensile steel bars and hard-drawn steel wire for concrete reinforcement: Part I Mild steel and medium tensile steel bars (rrrend

@pccification for mild steel and medium tensile steel ban and hard-drawn steel wire for concrete reinforcement: Part II Hard-drawn steel wire ( second retin ). IlSpecification for hot rolled mild steel, medium tensile steel and high yield strength
steel deformed bara for concrete reinforcement ( retieed ). ~Speci6cation~for cold-twisted steel bars for concrete reinforcement (ret&cd ).

9

IS I 7357 - 1974 infinite elastic rock mass. The load shared by the rock can be determined by the following-formula by equating the displacements of outer circumference of the concrete ring with the extension of rock boundary- ( see Fig. 3):

The resultant pressure, after deducting the load shared by the rock, shall be resisted by the lining.
ROCK

4,

FIG. 3

HORIZONTAL SLICE THROUGH SURGE TANK

9.1.1 It is quite usual that near the top ihe surge shaft passes through soil and decomposed rock of varying degree. The concrete lining in such cases shall be designed to cater for these conditions specially depending on the extent of resistance for the support to be expected from such material. 9.1.2The lining shall be adequate to withstand anticipated external pressure. No specific criteria can be laid down for either the extent of support or the external pressure which shall be assessed as field investigation in each case. 9.1.3In some cases, part of the lining may assume the form of a water It is not container to be destgned against internal water pressure. uncommon to find cases where part of the periphery is in free air and part Such cases shall be dealt with individually. against soil or rock,
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9.2 Lining Thickness - Considering surge shaft as a thick wdlled pipe, stress in the lining can be de<ermined by the following the circumferential formula:

The above formula is applicable for external hydrostatic pressure The concrete thickness of the lining as provided at acting on the lining. any point should be the greater of the fullowing: a) Minimum thickness of 0.3 m, ani b) Thickness required to resist maximum external pressure. The hoop reinforcement for the 9.3 Reinforcement in the Liniagcircular tank shall be able to withstand the total hoop force due to net maximum internal water pressure and shall be given by the following formula: (P_PF).O A 8t= %t The hoop reinforcement to be provided shall be the greater of the following: a) 0.3 percent of the concrete area of lining;

b) 4

Hoop reinforcement required for the net normal taking permissible tensile stress in steel; and

design head

Depending upon the geology and rock caver, hoop reinforcement worked out for the maximum design head neglecting the supporting action of the rock, with higher stresses in steel.

9.3.1 About 60 percent of the steel rib area used for rock support during excavation should be treated as part of the hoop reinforcement, provided they are made effective as reinforcement by use of high tensile bolts at the joints or by welding of the joints or both. Precaution shall be taken to ensure that the rib is completely encased in concrete by suitable means such as by providing holes in webs for pouring concrete, vibration or grouting and for allowing air to escape.

9.3.2 Longitudinal Reinforcement- The percentage of main reinforcement to be provided in the longitudinal direction shall be as specified in IS : 456-1964*. 9.3.3 Openings and Base Fixity - Necessary additional reinforcement to cater for additional stresses due to openings and the restraint at the base shall be provided on the basis of three-dimensional photo-elastic test results. *Co& of practice for plain and reinforced concrete ( smond 11
revision ) .
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9.4 Special types of structural members like orifice slabs, riser in a differential surge tank shall be so designed as to take into account dynamic loading. 10. ANCHORAGE
PO.1 To prevent failure due to local bulging and for safety during CONtruction, anchors shall be provided along the periphery with suitable horizontal and vertical spacing depending upon the rock encountered during construction.

11. GROUTING 11.1Contact grouting shall be done first.
Consolidation grouting where considered necessary shall follow. Where grout consumption in contact grouting is heavy, a second contact grouting after a suitable time interval is beneficial to fill up the gaps caused by shrinkage of grout, Grouting shall be done in accordance with IS : 5878 ( Part VII )-1972*. -Holes for contact grouting in the concrete 11.1.1 Contact Gmhg lining shall be 30" apart circumferentially, extending @3 m into the rock. Vertically the adjacent ring of holes shall be 3-O m apart but shall be staggered as compared to the holes in the adjacent rings. Grouting pressure to be used shall be, in general, equal to the external water pressure, subject to a minimum of 2.5 kgf/cma.

11.X .2 Consolidation Grouting - The same holes used for contact grouting shall be used for consolidation grouting, but redrilled in similar fashion as to extend into the rock up to 6.0 m or to a depth as dictated by geological conditions. Grouting pressure may range from 2<5 to 7 kgf/cm2 depending upon the depth of the section and its geological formation.

*Code of practice for constructionof tunnel: Part VII 12

Grouting,
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